The neural crest origin of the aortopulmonary septum has led us to investigate the septum for a special function, and we designed the present study to assess the alteration, if any, in the dimensions of the aor- 
Introduction
Hypertension is a major determinant of coronary heart disease, which is the most common cause of death in industrialized countries (1) . As many as 58 million people in the United States have elevated blood pressure (2) . The prevalence rate of hypertension increases with age and is higher in blacks than in whites (3) .
The aortopulmonary septum is a connective tissue between the aorta and pulmonary trunk (Fig. 1) . It has been established that the aorta and pulmonary trunk are formed due to truncus arteriosus following septum formation (4) . This septum is a derivative of the neural crest cells, and, in a previous study, when the cardiac neural crest was ablated surgically, embryos were shown to develop congenital anomalies of the findings with regard to the relationship between hypertension and the autopulmonary septum.
Methods
Measurements were performed on 36 hypertensive and 36 normotensive subjects (19 men and 17 women in each group) at the hospital of Gulhane Military Medical Academy. The diagnosis of hypertension was confirmed in all patients on the basis of long-term follow up of the blood pressure (systolic blood pressure 140 mmHg or diastolic blood pressure 90 mmHg). All hypertensive patients were either untreated or did not take medications for at least 2 weeks before the study. For the study, we performed one echocardiographic measurement on each subject at the follow-up examination. Thirty-six normal age-and sex-matched volunteers were questioned concerning cardiovascular symptoms, were examined for any disease, and underwent echocardiography. All the subjects provided informed consent. The characteristics of the subject population are illustrated in Table 1 . Echocardiography was performed using a Sonos 2500 system (Hewlett Packard, Andolar, USA) with a 2.50 MHz transthoracic probe by a single highly experienced echocardiologist. Subjects were placed in left lateral recumbency, and recordings were made after 10 min of rest. The correct orientation of planes for the imaging and recordings was verified using standard procedures (7) (8) (9) . Two-dimensional echocardiographic recordings were obtained using the parasternal short axis at the aortic valve level. The crosssectional area of the aortopulmonary septum was measured from this view by tracing the septal area at specific time points in the cardiac cycle and averaged from three frozen two-dimensional views (Fig. 2) . Left and right margins of the septal area were assessed as the edges of the aorta and pulmonary trunk. For the upper and lower margins of this area, optimum gain adjustments that revealed the best assessment of these borders were set. This level was standardized in all subjects by viewing all three cusps of the aortic valves as well as the pulmonary valves. An index was obtained by dividing the area of the aortopulmonary septum by body height. To create an index of septum dimensions independent of growth, ratios of the septum dimensions were also calculated by internally standardizing the septum dimensions with aortic diameter at systole and left ventricle internal diameters in short axis at systole and diastole.
Means, SD, and Pearson correlation coefficients were calculated according to the standard statistical methods. Differences in means between hypertensive subjects and normal individuals were assessed by Student's t-test. All statistical analyses were carried out using SPSS statistical software (SPSS for Windows; 1999, SPSS Inc., Chicago, USA). Twotailed p values less than 0.05 were considered statistically significant.
Results
Echocardiography revealed that the pulmonary trunk is very short whereas the ascending aorta is rather long from the position of the orifices. On the other hand, the position of the aortopulmonary septum is such that it extends far below the pulmonary orifice but hardly extends below the aortic orifice. In no instance were the views poor enough to preclude assessments of the septa, so errors in the measurements are unlikely. The measurements of the septum are summarized in Table 2 . The average septum thickness was slightly higher in the hypertensive group, although the difference was insignificant ( p 0.085). The area of the septum in the hypertensive group was significantly smaller ( p 0.05) than that in the sex-and age-matched normotensive controls (2.183 0.391 cm 2 and 2.370 0.415 cm 2 , respectively). We also observed significant differences when the septal values were standardized with internal left ventricular dimensions ( Table  2 ). The mean values in men were not different from those in women by a statistically significant margin. There was no correlation between septum dimensions and either height, age, weight, or aortic diameter of the subjects ( p 0.05).
Discussion
This study represents the first evaluation of the relation between hypertension and the dimensions of the aortopulmonary septum. The results indicate that dimensions of the aortopulmonary septum are significantly lower in hypertensives compared with normotensive subjects. Since standardization to height or the use of internally standardized ratios has been reported to provide a simple method for assessing cardiac dimensions (10, 11) , we also standardized the measurements with aortic diameter, left ventricle internal diame- ters, and height of the subjects in the present study. A striking result of our study was the observation that the septum dimensions were still significantly different between the groups when the values were standardized with left ventricle internal diameters, but not significantly different when the septal values were standardized with either body height or aortic diameter of the subjects. It also appeared that the septum was smaller in women than in men. But since we did not observe any statistically significant gender-related differences in our measurements, we did not subdivide the groups by sex.
Since echocardiographic examination was carried out only once in the follow-up period, we were not able to investigate the changes in septal area over the follow-up, or the possible relation between such changes and blood pressure. This will warrant investigation in the future.
Progressive increases in arterial wall thickness and in the content of smooth muscle, elastin, and collagen have been widely described in hypertension (12) (13) (14) (15) . Such changes can affect the contractility and distensibility of the vessels. It has also been previously suggested that an increased sympathetic tone might diminish the distensibility of the aorta and large arteries (16) . Structural changes in the arterial wall of hypertensive patients in our study group may have induced similar alterations in the aortopulmonary septum. Therefore one may attribute the lower values we found in the hypertensive group to the increase in the arterial wall thickness. Because the aortopulmonary septum is a connective tissue and might be compressed by the enlarged aorta and pulmonary trunk, we measured the thickness of the aortopulmonary septum to eliminate the pressing effects of the great arteries, and we observed that the thickness was a little higher in hypertensive subjects. This result has led us to assume that the reduced area of the aortopulmonary septum in hypertensive subjects is not a result of the pressing effect of great arteries. Primary hypertension in humans and animals is characterized by increased cardiovascular mass (17) (18) (19) . However, it has not been definitely established whether the mass of the heart increases first and initiates the pressure rise, or whether the pressure rises first, initiating an adaptive hypertrophy of the heart that then maintains the high pressure. Primary hypertension in humans develops over such a long period of time that it is difficult to study the developmental aspects of the disease with any degree of accuracy. Therefore, the specific cause of the low dimensions in the hypertensive individuals cannot be directly ascertained from our present study. But, one can explain the difference we found in the present study by differences in modifiable factors induced by hypertension. We believe that it must be established whether the low dimension could be attributable to hypertension, or there may be an intrinsic alteration in the septum properties.
The paraganglia are clusters of chromaffin cells intimately associated with the autonomic nervous system and cardiovascular system (20) . The aortopulmonary paraganglia, which also form from neural crest cells, have been reported to influence the adaptation of the cardiovascular system (21). It is possible that by releasing catecholamines and peptides, these paraganglia may participate in the mechanisms involved in hypertension, and changes in the density of septal cardiac ganglia may play a role in lessening the dimensions of the septum in hypertensive patients. We previously reported that there are a number of mast cells and numerous multilocular adipocytes in the aortopulmonary septum of the adult BP, blood pressure; NS, not significant. rat, and we suggested that these cells might have a physiological role in the functions of the cardiovascular system (22) . We have also demonstrated that aortopulmonary separation causes hemodynamic alterations in rats (23), and we suggested that the aortopulmonary septum might be an important factor that regulates the arterial blood pressure. The results of the present study support our previous suggestion that the aortopulmonary septum might have important functions in blood pressure regulation. About 90-95% of all cases of hypertension are idiopathic. However, in most patients with hypertension, there is a strong hereditary tendency (24) (25) (26) (27) . In this respect, aortopulmonary septum may be involved in the mechanisms leading to high blood pressure levels in hypertensive subjects.
In the present study, we observed significant differences in the dimensions of aortopulmonary septum in hypertensive subjects when compared with the normotensive controls. Although it is difficult to interpret the clinical significance of this difference, our results have led us to hypothesize that alterations in aortopulmonary septum may induce high blood pressure. Further evaluations including more subjects and new comparisons may be needed to confirm our results. Nevertheless, we think this study should inform future investigations on hypertension, and that our results may help to clarify the mechanisms underlying essential hypertension. APS, aortopulmonary septum; LVID, left ventricle internal diameter; diast, diastole; syst, systole; NS, not significant. 
